Objective: To investigate the timing, course, and clinical characteristics of the response to intravenous immunoglobulin in chronic inflammatory demyelinating polyradiculoneuropathy (CIDP).
C

HRONIC INFLAMMATORY
demyelinating polyradiculoneuropathy (CIDP) is an autoimmune disease that targets the myelin sheaths of the peripheral nerves. 1, 2 Intravenous immunoglobulin (IVIg) has been shown to be effective for the treatment of CIDP. 3 However, published studies have not provided detailed information on the timing or characteristics of the clinical response to IVIg therapy, and only 1 small study (N=53) 4 has evaluated the response to administration of more than a single dose of IVIg vs placebo for treating CIDP. Thus, it has been unclear whether patients will achieve an initial response with a single IVIg dose or what the benefit of additional doses might be. To help answer these questions, we conducted a post hoc analysis of the data from the largest trial of IVIg in CIDP published to date, the IGIV-C CIDP Efficacy (ICE) trial (n=117), 5 to determine the time to initial response, the duration of treatment needed to achieve maximal improvement in clinical disability, and the characteristics of the clinical response.
METHODS
PATIENTS AND PROCEDURE
The ICE trial was a randomized, multicenter, double-blind, response-conditional cross-over trial of immune globulin intravenous, 10% caprylate/chromatography purified (IGIV-C; Gamunex, Talecris Biotherapeutics, Research Triangle Park, North Carolina) vs placebo (0.1% albumin). The study was approved by the institutional review boards and ethics committees of all participating centers, and all patients provided written informed consent. Details on the study design, patient population, and methodology have been described previously. 5, 6 In the first period of the trial, participants with CIDP received a baseline IGIV-C loading dose of 2 g/kg administered over 2 to 4 days, followed by a maintenance dose of 1 g/kg every 3 weeks for up to 24 weeks. Participants were evaluated at day 16 and at 3-week intervals thereafter. The primary efficacy parameter was response, defined as an improvement of 1 or more points in the adjusted Inflammatory Neuropathy Cause and Treatment (INCAT) disability score. Responders were defined as patients who showed an improvement from baseline of 1 or more points in the adjusted INCAT disability score that was maintained through to the final measurement at week 24. Participants whose adjusted INCAT disability score deteriorated by 1 or more points at any visit after the first infusion, did not improve by week 6, or improved but then decreased to or below baseline at any time at or after week 6 were moved over to the rescue phase of the study and were considered nonresponders.
Additional end points analyzed included dominant-hand grip strength, INCAT sensory sum score, Medical Research Council (MRC) sum score, and the mean compound muscle action potential amplitude in motor nerves. Grip strength was determined at each visit; INCAT sensory sum scores, MRC sum scores, and the mean compound muscle action potential amplitude were measured at baseline and the final visit.
Median, ulnar, peroneal, and tibial motor nerves were tested, and peak-to-peak motor amplitudes were measured. The median motor nerve was tested using stimulation at the wrist, elbow, axilla, and Erb point (optional); the ulnar motor nerve was tested using stimulation at the wrist, above the elbow, the axilla, and the Erb point; the peroneal motor nerve was tested using stimulation at the ankle, below the fibular head, and at the lateral popliteal fossa; and the tibial motor nerve was tested using stimulation at the ankle and popliteal fossa. The MRC sum score assessed 12 muscles-3 arm and 3 leg muscles on both body sides. These muscles were the deltoid (shoulder abduction), biceps (elbow flexion), wrist extensor, iliopsoas (hip flexion), quadriceps femoris (knee extension), and tibialis anterior (ankle dorsiflexion).
STATISTICAL ANALYSIS
Participants treated with IGIV-C were divided into 4 subgroups based on meeting the definition of a responder vs a nonresponder and also by time to first improvement (improvement of Ն1 points in the adjusted INCAT disability score): group A included IGIV-C responders who first improved by week 3; group B included IGIV-C responders who first improved by week 6; group C included IGIV-C nonresponders who had no change in adjusted INCAT disability score (ie, stable) at week 6; and group D included IGIV-C nonresponders who had a worsening of 1 or more points in the adjusted INCAT disability score at or before week 6. In addition, patients treated with placebo who were classified as responders were divided into subgroups: placebo responders who first improved by week 3 (group E) and placebo responders who first improved by week 6 (group F). Participants who had responses after week 6 were not included in the analysis.
A univariate logistic regression model was used for the comparisons between groups. If a complete separation or a quasicomplete separation of data points occurred, a group t test was used. Two-tailed P Ͻ .05 was considered statistically significant. Version 9.1 of SAS was used for all statistical analyses. Owing to the exploratory nature of the analyses, no adjustment for multiplicity was performed.
RESULTS
In the ICE trial, 32 of 59 (54%) participants treated with IGIV-C were identified as responders vs 12 of 58 (21%) participants receiving placebo (PϽ.001). 5 Responders achieved an improvement from baseline of at least 1 point in the adjusted INCAT disability score by week 6 that was maintained through to the final measurement at week 24. Among these responders, 14 of 32 (44%) patients in the IGIV-C group and 7 of 12 (58%) in the placebo group responded by week 3 (P=.73). The remaining 27 of 59 patients in the IGIV-C group and 46 of 58 patients in the placebo group were considered nonresponders. Of the 27 nonresponders in the IGIV-C group, 13 remained stable, 8 worsened by 6 weeks, and 6 improved transiently but then deteriorated and crossed over to alternate (rescue) treatment.
Fourteen of the 59 (24%) IGIV-C-treated participants responded by week 3 (group A), and an additional 16 (27%) IGIV-C-treated participants responded by week 6 (group B). Two responders in the IGIV-C group who were stable at week 6 and should have crossed over to the alternate treatment did not cross over at the request of their physician. These 2 responders showed improvement in adjusted INCAT disability score at weeks 12 and 18 and were not included in the current analyses. In the placebo group, 7 of 58 (12%) participants improved by week 3, and an additional 5 (9%) participants improved by week 6.
To assess potential differences among participants responding to IGIV-C, baseline characteristics were compared among various subgroups ( Table 1) . Group A, IGIV-C responders who improved by week 3, exhibited more severe disease at baseline than IGIV-C responders who improved by week 6, with group A having a statistically significantly higher mean baseline INCAT disability score (5.4 vs 3.9; P =.02) and lower MRC sum score (45.5 vs 50.9; P = .04). Additional mean baseline efficacy measures also suggested greater severity in group A vs group B, but the differences were not statistically significant; there were no significant differences in baseline demographics. Group C, IGIV-C nonresponders who remained stable at week 6, had a significantly lower mean baseline INCAT disability score and a higher MRC sum score than group A and had a lower INCAT disability score than group D, IGIV-C nonresponders who had a worsening in INCAT disability score by week 6.
Although baseline data indicated that group A had more severe disease than group B, group A experienced a statistically significantly greater improvement from baseline in the mean adjusted INCAT disability score and in the averaged compound muscle action potential amplitudes at the end of the first period (ie, at 24 weeks; Table 2 ). There were no significant differences be- Comparing the placebo responder subgroups, we found that there were no statistically significant differences in baseline demographics or characteristics, with the exception of time since initial CIDP symptoms (Table 1) . At the end of the study period (ie, 24 weeks), placebo responders who first improved by week 3 showed a statistically significantly greater improvement in the adjusted INCAT disability score compared with placebo responders who first improved by week 6 ( Table 2 ). There were no significant differences from baseline between the 2 groups in the other clinical efficacy parameters analyzed.
To determine when IGIV-C responders achieved maximal improvement during the 24-week treatment period, the time to reach maximal improvement on the INCAT disability score was examined in patients who responded by week 3 (group A) or by week 6 (group B). Time to maximal improvement was also examined in patients receiving placebo who first improved by week 3 (group E) or week 6 (group F). As shown in Figure 1 , of patients who improved, the number of patients reaching maximal improvement continued through week 24 in both the IGIV-C and placebo groups.
When comparing changes in the INCAT disability score to grip strength over time (Figure 2) , we found that pa- tients in both groups A and B exhibited a statistically significant improvement in dominant-hand grip strength compared with baseline at week 3 and at week 6. For groups A and B, the mean improvement from baseline in dominant-hand grip strength at 3 weeks was 15.4 kPa (SD, 15.1 kPa; P=.002) and 8.5 kPa (SD, 12.7 kPa; P=.02), respectively, and at 6 weeks was 19.1 kPa (SD, 16.1 kPa; PϽ.001) and 16.2 kPa (SD, 17.3 kPa; P = .003), respectively. For patients in group A, the change in grip strength over time tended to parallel the INCAT disability score (Figure 2 ). In patients in group B, however, improvement in dominant-hand grip strength preceded initial improvement in adjusted INCAT disability score.
COMMENT
In the ICE trial, 30 participants in the IGIV-C group improved by at least 1 point in the adjusted INCAT disability score during the initial 6 weeks of the study after 2 infusions of IGIV-C. Further examination of the data revealed that 14 participants responded by week 3 and another 16 responded by week 6 after the second course of IGIV-C treatment. These findings are consistent with findings from a smaller study by Mendell et al 4 in which some patients initially improved after a second IVIg dose. Because the ICE trial design required participants to cross over to alternate therapy (rescue) if they had not improved by week 6 (ie, 2 dose courses), it is unknown whether more participants would have improved with additional IGIV-C treatments. These observations suggest that patients should be treated with at least 2 courses of IGIV-C (6-week time frame) to determine whether they are responding to treatment. Additional studies would be needed to determine whether patients who did not respond to 2 IGIV-C treatments or those whose condition stabilized would benefit from additional treatments. 7 Of those who responded to IGIV-C, participants with greater disability (as determined by the baseline adjusted INCAT disability score) responded to IGIV-C therapy more rapidly and vigorously than those who were less severely affected. The reasons for these differences are unclear; they could be related to fundamental differences between the 2 patient groups or to differences in sensitivities of particular ranges within the same or between different clinical efficacy measures. The adjusted INCAT disability scale, for example, may be less sensitive to change at its lower range, possibly explaining the delay or lack of response in the less severely disabled patients in group B, when compared with the earlier observed improvement of grip strength.
Comparing the characteristics of response during therapy in this post hoc analysis, we found that dominanthand grip strength tended to parallel or precede initial improvement in INCAT disability score. Given that grip strength is a simple assessment tool, it might be a more useful marker of initial response to therapy in clinical practice vs the INCAT disability scale. Additional studies are worthwhile to ascertain whether determination of grip strength would be a useful measure of response in routine clinical practice. Regardless of which of these 2 characteristics were evaluated, improvement was maintained in responders.
A small number of participants in the placebo group showed a similar pattern of response to that observed in the IGIV-C group, which, however, did not always reach statistical significance. Possible explanations include a limited response to the albumin mixture in the placebo treatment or the occurrence of spontaneous remission, which may occur in CIDP. 1 Once the inflammatory reaction subsides, the course of improvement might depend more on the rate of nerve recovery or regeneration than on the cause, with a similar course in treated or spontaneously remitting patients. Further investigation of these issues might help the selection of appropriate clinical efficacy measures and patient populations in future clinical trials.
Participants actively treated with IGIV-C continued to improve for variable periods, and once maximal response was achieved, it was maintained with treatment every 3 weeks. Although some patients' conditions may stabilize or improve after therapy is discontinued, 8 a relapse rate of approximately 45% was noted in the ICE Study for responders who were switched from IGIV-C to placebo. 5 Therefore, discontinuing IVIg treatment before maximal improvement in CIDP is achieved may deprive patients of the full therapeutic benefit.
Optimal treatment of CIDP would prevent relapses with accompanying nerve damage that can cause disability. 9, 10 Patients with CIDP may therefore benefit from more than 1 treatment course with IGIV-C across 6 weeks to determine whether there is a response, and additional treatments may be required to achieve and maintain a maximal clinical response.
